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Objectives: To study the effect of 0.25 MIC of antimicrobial agents on adherence to  silicone and hydrophobicity of a 
slime-producing Staphylococcus epidermidis (ATCC 35984) and non-slime-producing Staphylococcus hominis (ATCC 
35982). 
Methods: Adherence was assessed in  vitro, using silicone rubber immersed in a suspension of bacteria, pretreated 
with 0.25 MIC of oxacillin, ceftriaxone, vancomycin or pefloxacin. After a 24-h period, adherent bacteria, detached by 
trypsin and sonication, were counted. Hydrophobicity was assessed by measuring the affinity of pretreated bacteria to  
p-xylene. 
Results: For slime-producing S. epidermidis, adherence was significantly decreased by 81%, 91% and 77% with 
oxacillin, vancomycin and pefloxacin respectively. For non-slime-producing S. hominis, adherence was significantly 
decreased by 75% and 94% with oxacillin and ceftriaxone respectively. Hydrophobicity of both strains was significantly 
decreased with oxacillin only. 
Conclusions: Adherence of coagulase-negative staphylococci onto silicone can be modified by sub-MICs of some of 
the antimicrobial agents tested. This effect was different in  the slime-producing and non-slime-producing strains, and 
was not correlated with the mechanism of the inhibitory effect of these antimicrobial agents, or the modification of 
hydrophobicity. This suggests that some surface components, not involved in hydrophobicity, could play a role in in 
vitro adherence to silicone. 
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The use of prosthetic medical devices as intravascular 
catheters, prosthetic heart valves and prosthetic joints 
is one of the major factors in infections caused by 
coagulase-negative staphylococci [ 1-31, Adherence is 
the critical first step in the pathogenesis of these 
infections. Several factors have been shown to be 
involved in adherence [2,4]: electric charge, Van der 
Waals forces and, mainly, hydrophobicity, which is 
supported by surface proteins, as shown by the effect of 
proteolytic enzymes on bacterial hydrophobicity and 
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adherence [5,6]. The role of slime is more difficult to 
assess as an adherence factor, depending on the 
adherence model. Sub-MICs of antimicrobial agents 
have been shown to induce morphologic changes of 
the bacterial cell wall [7-91, and to interfere with the 
adherence of bacteria to epithelial cell surfaces [lo]. 
With a view to preventing biomaterial-related in- 
fections with antimicrobial agents, we looked at the 
effect of sub-MlCs of antimicrobial agents on ad- 
herence of coagulase-negative staphylococci to silicone 
rubber and on bacterial hydrophobicity. 
METHODS 
Bacterial strains 
The two strains of coagulase-negative staphylococci 
were KP62A (ATCC 35984), a high slime-producing 
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Staphylococcus epidennidis, and SP2 (ATCC 35982), a 
non-slime-producing Staphylococcus horninis. Working 
cultures were maintained on trypticase soy agar (TSA) 
supplemented with 5% sheep blood (BioMkrieux, 
Marcy l'ktoile, France) and transferred every 72 h. 
Slime production was assessed by the tube test 
according to Christensen et a1 1111. Briefly, 10 mL of 
tryptic soy broth (TSB) in a plastic tube was inoculated 
with a loopful of organisms from a blood plate culture 
and incubated at 37OC. After 18 h, the tube was 
emptied and stained with trypan blue. Slime was visible 
as a film lining the wall of the tube. 
Polymer 
Silicone rubber was kindly provided by Vygon (Ecouen, 
France). It was used as a sterile rectangular plane 
fragment of 1.4 cm2. 
Antimicrobial agents 
The following antimicrobial agents were tested: oxa- 
cillin (Bristol, Paris, France), ceftriaxone (Roche, 
Neuilly-sur-Seine, France), vancomycin (Lilly France, 
Saint Cloud, France) and pefloxacin (Roger-Bellon, 
Neuilly-sur-Seine, France). The determination of 
minimal inhibitory concentration (MIC:) was done on 
each strain by the macrobroth dilution method in TSB 
with an inoculum of lo5 to lo6 CFU/mL. MICs were 
determined after 24 h of incubation at 37 OC. For each 
antimicrobial agent, 0.25 MIC was used in the 
adherence assay and the hydrophobicity test. 
Adherence assay 
Staphylococci were transferred, after 18 h of growth on 
blood agar, into 10 mL TSB with 0.25% dextrose, 
yielding lo5 to 10" CFU/niL, and incubated a t  37 "C 
for 24 h, with or without 0.25 MIC of antimicrobial 
agent. After this pretreatment culture, bacteria were 
centrifuged for 10 min, washed twice in 10 mL 
phosphate-buffered saline (PBS) and resuspended in 
PBS with 0.25% dextrose to yield an inoculuni of lo6 
to lo7  CFU/niL. This inoculum concentration was 
verified by backplating on TSA and counting after 24- 
h at 37°C. Five milliliters of this inoculum, with or 
without 0.25 MIC of the same antimicrobial agent used 
for the pretreatment culture, were inoculated into a 
sterile polystyrene well with a flat bottom, in which a 
silicone rubber fragment was immersed, for a 2- or 24- 
h period of adherence at 37OC. Then the silicone 
fragment was washed by gently shaking in eight tubes 
of 20 inL PIUS, successively. After eight washings, the 
remaining bacteria on silicone rubber were considered 
to be strongly adherent. These adherent bacteria were 
detached by trypsin and sonication: the silicone 
fragment was placed in 1 mL trypsin (0.05%)/EDTA 
(0.02%) (Gibco, Cergy Pontoise, France) at  37 O C ,  for 
15 min; 4 mL of PBS were then added and the silicone 
fragment was sonicated in the 5-mL volume for 5 min 
to conipletely dislodge adherent bacteria from the 
silicone fragment (Sonicator Cell Disruptor Model 
W10, 23.5 kHz, 185 W/cm2, with a micro-tip). 
Detached bacteria, in the sonication effluent, were 
counted by backplating on  TSA. The number of 
adherent bacteria was expressed as the number of CFUs 
per square centimeter of silicone and per 10' CFU of 
inoculum. 
To verify that bacteria were not killed by sonica- 
tion, each strain, in suspension in 5 iiiL PBS, was 
sonicated for 5 min as described; the bacteria were 
counted before and after sonication by plating on TSA. 
The efficacy of sonication in detaching bacteria from 
silicone rubber was assessed by touching the sonicated 
silicone fragment directly on TSA, 10 times each side. 
After 24 h a t  37OC, the number of colonies was 
determined and compared to the number of bacteria 
detached with trypsin and sonication. 
Bacterial hydrophobicity 
Hydrophobicity was determined by measuring the 
affinity of bacteria for p-xylene according to Rosen- 
berg et a1 [12]. The bacteria grown in TSB with 0.25% 
dextrose for 24 h, with or without 0.25 MIC of an 
antiniicrobial agent, were washed and resuspended in 3 
mL PBS, and the initial optical density was measured at 
660 nni in a spectrophotometer (Perkin Elmer, 
Nonvalk, CT, USA). After addition of 0.25 niL p- 
xylene (Merck, Chelles, France), the tube was vortexed 
for 60 s and left standing at room temperature for 20 
min. After the phase separation, the optical density of 
the aqueous phase was measured. Hydrophobicity was 
expressed as: 
optical density after phase separation ) x 100 
- initial optical density 
Statistical analysis 
Mean bacterial counts were compared by using the 
Student's test, or the Mann-Whitney rank sum test. 
Significance was considered at  the p level <0.05. 
RESULTS 
Control experiments 
The successive combination of trypsin and sonication 
was effective in detaching adherent bacteria from the 
silicone fragment. The number of CFUs obtained from 
the imprints on TSA of the silicone fragment after 
trypsinization and sonication was 4 x lo-', less than the 
number of bacteria removed from the silicone fragment 
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Table 1 Adherence onto silicone rubber of the RP62A 
slime-producing and SP2 non-slime-producing coagulase- 
negative staphylococci 
~ ~ ~~ ~ ~~ ~~ ~ 
Adherence Number of adherent bacteria” (mean? SD) 
period 
(h) RP62A SP2 P 
2 4.91 k 0.29 (n=10) 5.32 k 0.19 (n=10) <0.01 
24 4.73 k 0.26 (n=16) 4.48 t 0.23 ( ~ ~ ~ 1 0 )  < 0.05 
’logl,) CFU/cm2/107 CFU inoculum. 
n=number of silicone fragments tested in several experiments. 
for both strains. Thus adherent bacteria were con- 
sidered to be detached by trypsin and sonication. 
Moreover, bacteria were not killed by sonication, since 
the counts of bacteria, in suspension in PBS, were not 
different before and after sonication (data not shown). 
Adherence without antimicrobial agent 
After 2 h the number of bacteria adhering to the 
silicone fragment of the slime-producing strain 
(RP62A) was significantly lower than that for the non- 
slime-producing strain (SP2) (Table 1). Conversely, 
after 24 h the number of adherent bacteria of the slime- 
producing strain was greater than that of the non-slime- 
producing strain. 
Adherence with antimicrobial agent 
MICs of antimicrobial agents used for these experi- 
ments are given in Table 2. MICs of these antimicrobial 
agents were uniformly greater for the slime-producing 
strain than for the non-slime-producing strain. For the 
slime-producing strain (RP62A), oxacillin, vancomycin 
and pefloxacin decreased significantly the number of 
adherent bacteria as compared to controls without 
antimicrobial agent; the percentages of decrease of 
adherence were 81%, 91% and 77%, respectively, for 
these three antimicrobial agents. Ceftriaxone did not 
significantly modify the adherence (Figure 1). Under 
the same experimental conditions, with the non-slime- 
producing strain (SP2), oxacillin and ceftriaxone 
Table 2 MICs of antibiotics against the RP62A slime- 
producing and SP2 non-slime-producing coagulase-negative 
staphylococci strains 
MIC (mg/L) for strain 
Antimicrobial 
agent RP62A SP2 
Oxacillin 
Ceftriaxone 
Vancomycin 
Pefloxacin 
4 
32 
4 
1 
0.25 
4 
1 
0.25 
significantly decreased the number of adherent bacteria; 
the percentages of decrease of adherence were 75% and 
94% respectively. Vancomycin and pefloxacin did not 
significantly modify the number of adherent bacteria 
(Figure 2). 
Hydrophobicity 
Both strains had a similar percentage hydrophobicity: 
88.8% for the slime-producing strain and 85.7% for the 
non-slime-producing strain. Only oxacillin decreased 
hydrophobicity of both strains. Hydrophobicity was 
not modified by other antimicrobial agents (Figures 1 
and 2). 
DISCUSSION 
Since coagulase-negative staphylococci have emerged 
as nosocomial pathogens in patients with indwelling 
and prosthetic devices, mechanisms whereby they 
adhere to and colonize biomaterials have been studied, 
mainly in vitro [2,4,5,13,14]. The in vitro model that 
we designed to test adherence of coagulase-negative 
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Figure 1 Effect of antimicrobial agents (0.25 MIC) on 
adherence and hydrophobicity of RP62A, a slime- 
producing Staphylococcus epidermidis. 0 = oxacillin; 
C=ceftriaxone; V=vancomycin; P=pefloxacin; *p< 0.01; 
**p<O.001 when compared with control. Numbers of 
experiments in parentheses. 
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Figure 2 Effect of ailtimicrobial agents (0.25 MIC) on 
adherence and hydrophobicity of SP2, a non-slime- 
producing Sfuphyloroccus huminis. 0 = oxacillin; 
C=ceftriaxone; V=vancomycin; P=pefloxacin; *p<O.O1; 
**p< 0.001 when compared with control. Numbers of 
experiments in parentheses. 
staphylococci allowed the determination of the number 
of adherent bacteria, and distinguished adherence 
from slime production, which is not feasible with 
spectroscopic methods [14-181. After 2 h, the non- 
slime-producing strain adhered better than the slime- 
producing strain, showing that slime is not involved in 
the early interactions between biomaterial and bacteria 
[5,19]. Hydrophobicity did not appear to explain the 
difference in  the early adherence, both strains having 
the same hydrophobicity. After 24 h, the greater 
number of adherent bacteria of the slime-producing 
strain confirmed that the slime can play a role in the 
late stage of adherence, even in a medium without 
nutrient, such as PBS [20-221. 
The present study has shown that 0.25 MICs of 
antimicrobial agents can modify the adherence of 
bacteria to silicone rubber. There W.IS no relation 
between the mechanism of the inhibitory effect of an 
antimicrobial agent and the effect of sub-MIC on 
adherence, as previously shown by Schadow et a1 [17]. 
Oxacillin, ceftriaxone and vancornycin, cell-wall- 
acting antimicrobial agents, had different effects: 
oxacillin decreased adherence of both strains, 
ceftriaxone decreased adherence of the SP2 strain only, 
and vancomycin decreased adherence of the RP62A 
strain only. Schadow et a1 [17] studied the effect of 0.5 
MICs of niethicillin, vanconiycin and norfloxacin on 
the adherence of the same strain RP62A, but did not 
obtain the same results as we did, since methicillin 
slightly, but significantly, decreased adherence, whereas 
vancomycin and norfloxacin had no effect. In another 
study, 0.25 MICs of cefuroxime reduced adherence to 
silicone of the majority of 10 coagulase-negative 
staphylococcal strains, but vanconiycin had no effect or 
slightly increased adherence [23]. These discrepancies 
are probably related to different experimental con- 
ditions. Whether the slime production is involved in 
the effect of antimicrobial agents on adherence is 
unclear, since sub-MICs of vancomycin or cefaman- 
dole could increase or decrease adherence of different 
slime-producing strains [24], and fluoroquinolones 
did not significantly modify slinie production of 12 
S. epidermidk strains [25]. This suggests that other 
strain-related factors are involved in the modification of 
adherence by antimicrobial agents. Adherence can be 
decreased either by rendering biomaterial hydrophilic 
with albumin [5] or poly-N-vinylpyrollidone (26,271, 
or by decreasing bacterial hydrophobicity with proteo- 
lytic enzymes [5,6] or with sub-MICs of antimicrobial 
agents, such as oxacillin in the present study. However, 
the relation between the effects of sub-MICs of 
antimicrobial agents on adherence and on hydro- 
phobicity is quite variable [5,17], since, in the present 
study, antimicrobial agents such as ceftriaxone, vanco- 
mycin and pefloxacin may decrease adherence without 
changing hydrophobicity. 
The mechanism by which the antimicrobial agents 
act to decrease adherence is unknown. However, as 
sub-MICs of antimicrobial agents have been shown to 
induce morphologic changes of the bacterial cell wall 
[8,9], they could induce modifications in some surface 
proteins involved in adherence, as shown by 
Timnierinan et a1 [28], who characterized a high- 
molecular-weight surface protein, the expression of 
which was abolished after treatment with 0.5 MIC of 
rifampin, with decrease of adherence [29]. 
Other studies are necessary to further characterize 
surface bacterial components involved in adherence, 
and to define which antimicrobial agents are able to 
decrease their expression. This could help in choosing 
an antimicrobial agent as prophylaxis against bio- 
material infections, where adherence is the first critical 
step of infection. 
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